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Summary
European harbour seal (Phoca vitulina) populations
decreased substantially during the phocine dis-
temper virus (PDV) outbreaks of 1988 and 2002.
Different hypotheses have stated that various seals
and terrestrial carnivore species might be the source
of infection. To further analyse these hypotheses,
grey (Halichoerus grypus) and ringed (Phoca his-
pida) seals, polar bears (Ursus maritimus) and minks
(Mustela lutreola) were sampled from the North
Sea and East Greenland coasts between 1988 and
2004 and investigated by RT-PCR using a panmor-
billivirus primer pair. However, all samples were
negative for morbillivirus nucleic acid.

Mass mortalities of the European harbour seal
(Phoca vitulina) populations were reported in 1988
and 2002 [8, 16, 17]. Phocine distemper virus
(PDV), a member of family Paramyxoviridae, sub-
family Paramyxovirinae, genus Morbillivirus, was
identified as the causative agent [20, 25]. Different
hypotheses concerning the origin of PDV and its
geographical and chronological dissemination pat-
tern have been presented. These include virus spread
from less susceptible marine mammals, infection
from diseased terrestrial animals and promotion by
immunosuppressive environmental factors [16].
Thus, searching for possible PDV vectors, other
infected migratory seal species that are in contact
with European harbour seals were studied. Morbil-
livirus antibodies were detected in Canadian harp
seals (Phoca groenlandica) even before their mas-
sive migration from Greenland to the North Sea
coasts, in winter 1987 [6, 8, 11, 18, 22]. Whether
these seals could have served as a virus reservoir
for the 1988 mass die-off by introducing a virus
that was highly virulent for harbour seals in a naive
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seal population remains an intriguing hypothesis
[8, 15, 17]. Although no harp seal migration was
noted before the 2002 epidemic, experiments with
tagged seals showed that during 2001–2002 some
harp seals moved from Paulatuk (Canada) west-
wards to the Dutch North Sea coast (www.beaufort
seals.com), indicating that individual animals could
represent the source of infection. Furthermore,
between the two epizootics, harp, hooded (Cysto-
phora cristata), grey (Halichoerus grypus), and
ringed (Phoca hispida) seals, and also harbour seals
from the Western North Atlantic and Canadian
Arctic were found to be seropositive for PDV [9–
11]. The North Atlantic coasts represent a unique
area where the habitats of these seal species overlap
[26]. Therefore, a potential transmission of PDV
between different seal species living in this area
and thereby triggering both epidemics by migrating
animals seems possible.
In addition, between 1990 and 1991, grey seals
from the coasts of Estonia showed signs of PDV in-
fection. It was also observed that grey seals acted as
carriers of the PDV infection among different seal
populations during the 2002 epidemic [14]. Thus, due
to their high migratory behaviour, Baltic grey seals
might have served as PDV carriers between the North
Sea and the Baltic seal populations in 2002 [12].
In 1988 and 2002, harbour seals were infected
with an almost identical PDV strain [20, 23]. This
raises the question whether PDV was continuously
circulating among the European seals between the
two epizootics, or if it was re-introduced. Between
1988 and 1993, grey and harbour seals from the
Dutch Wadden Sea were found to be seropositive
for PDV [30]. Similar results were obtained for the
grey seals from the British Farne Island in 1992 [1].
Whether these findings indicate a persistent in-
fection or are residuals from the 1988 epidemic
remained undetermined. Contrary to this, others
found no evidence of a PDV infection in harbour
and grey seals in the Wash and other British sites
of the North Sea after the 1988 outbreak [19].
Similarly, a screening for virus RNA in seals after
1997 revealed consistently negative results [20].
Likewise, the majority of seals from German waters
investigated before the 2002 outbreak lacked mor-
billivirus-specific antibodies [23].
In addition, it was suggested that, similar to the
mass death of Baikal (Phoca sibirica) and Caspian
(Phoca caspica) seals [21], infected terrestrial car-
nivores could represent the primary source of infec-
tion in harbour seals. However, in those cases, CDV
was identified as the cause of the epizootics and not
PDV. It still remains a possibility that PDV, with a
reduced virulence for terrestrial mammals, is circu-
lating in these species and causes mass die-offs
in pinnipeds after crossing the species barrier [4].
Before 1988, cross-species infection between minks
and seals had been reported [4, 24], but little is
known about the role of terrestrial carnivores such
as minks and polar bears during the second PDV
outbreak. Virus-infected minks from coastal areas
around the North Sea, as well as Canadian Arctic
polar bears preying on arctic seals could be a po-
tential source of infection or transmission of PDV
to seals. Serological investigation between 1990 and
1998 showed that polar bears from the Norwegian
coasts and the pack ice of the Barents Sea were
exposed to CDV [29]. In addition, polar bears cap-
tured between 1984 and 1996 in the Canadian
Arctic were positive for antibodies to PDV [5, 27].
Environmental factors such as high pollution
burdens in seals from the Baltic and North Seas
were also mentioned as contributing factors to the
high mortality during the epizootics. It has been
shown that accumulations of polychlorinated bi-
phenyls (PCBs) and heavy metals in the food chain
could impair reproduction and immune functions in
harbour, grey and ringed seals as well as in harbour
porpoises [2, 3, 7, 28]. However, it is difficult to
establish a direct causal link between the suscepti-
bility for infection and the exposure to environmen-
tal factors.
The aim of this study was to investigate the pres-
ence of morbillivirus transcripts in grey and ringed
seals, polar bears and minks that could serve as
a PDV vector or reservoir for the 1988 and 2002
outbreaks.
The investigated tissues (lung, spleen, liver and
kidney) were collected from 207 dead adult terres-
trial and marine mammals, geographically (Fig. 1)
and annually distributed around the two PDV out-
breaks in Europe (Table 1). Thus, 41 grey seals
were sampled from the German and Dutch North
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Sea coasts between 1989 and 1991, 76 ringed seals
from East Greenland, aboriginal hunted between
1999 and 2004, 27 European wild minks (Mustela
lutreola) from the southwestern Swedish North Sea
coast, and 63 free-ranging polar bears (Ursus mar-
itimus) from the coast of East Greenland hunted
between 1999 and 2001. Tissues were stored at
20 C until used. For RNA isolation, the RN easy
Maxi Kit (Qiagen, Hilden, Germany) followed by a
DNase treatment according to the manufacturer’s
instructions was applied. Subsequently, RT-PCR
was performed using 2 mg total RNA, random pri-
Fig. 1. Geographical distribu-
tion of the regions from which
the investigated animals were
collected
Table 1. Species, number and source of animals tested for morbillivirus infection
Species Number of
animals
Year Organs Source Total number of
animals per species
Grey seals 36 1989 lung and spleen Germany 41 grey seals
(Halichoerus grypus) 2 1989 liver Netherlands
2 1990 liver
1 1991 liver
Ringed seals 15 1999 liver=kidney East Greenland, 76 ringed seals
(Phoca hispida) 16 2000 liver=kidney Denmark
16 2002 liver=kidney
14 2003 liver=kidney
15 2004 liver=kidney
Polar bears female 5 1999 kidney East Greenland, 63 polar bears
(Ursus maritimus) male 7 Denmark
female 16 2000 kidney
male 13
female 11 2001 kidney
male 11
European minks male 1 1988 lung and spleen SW Sweden 27 European minks
(Mustela lutreola) female 1 1989 lung and spleen
male 7 1990 lung and spleen
female 5 2002 lung and spleen
male 2
female 5 2004 lung and spleen
male 6
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mers (Promega) and the Omniscript RT-PCR kit
(Qiagen, Hilden, Germany). The cycling tempera-
ture profile for the PCRs was: 94 C for 5 min,
40 cycles consisting of denaturation at 95 C for
0.30 min, annealing at 60 C for 1 min, extension
at 72 C for 2.50 min, and a final extension step at
72 C for 10 min.
As a control for the integrity of RNA, PCR with
specific primers for canine glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) were used [13].
The length of the PCR product corresponded to
a 364-bp band. For identification of morbillivirus
RNA, a set of universal morbillivirus primers was
used [1]. The expected amplicon length is 429 bp.
Negative controls included RNA extracted from
non-infected Madin-Darby canine kidney (MDCK)
cells, lung from a healthy dog and two seals pre-
viously identified as negative for morbillivirus an-
tigen, and viral RNA [23]. RNA extracted from
DH82 cells infected with Onderstepoort-CDV and
Vero cells infected with PDV, Onderstepoort-CDV,
porpoise morbillivirus or the Edmonston strain of
measles virus were used as positive controls [12].
In addition, RNA extracted from two seals previ-
ously tested positive for morbillivirus antigen and
RNA were included [23].
To determine the sensitivity of the PCR reactions,
PDV and Onderstepoort-CDV RNA was isolated by
using the NucleoSpin RNA virus kit (Macherey-
Nagel, Du¨ren, Germany) from 300ml viral sus-
pensions containing 104.75 and 107.75 TCID50=ml,
respectively. Viral RNA was eluted in 50ml distilled
H2O and subsequently, serial dilutions were pre-
pared (from 100 to 1010) and the presence of viral
nucleic acid was analyzed by RT-PCR using the
universal morbillivirus primers (Fig. 2). Using this
procedure, at least 10 TCID50 units of morbillivirus
could be detected.
Morbillivirus nucleic acid was detected in all
investigated morbillivirus strains including PDV,
CDV, the Edmonston strain of measles virus and
the porpoise morbillivirus and, as expected, not in
the negative controls. All investigated samples from
grey and ringed seals, polar bears (Ursus mariti-
mus) and minks were positive for GAPDH RNA.
However, no morbillivirus transcripts were present
in the samples. These negative findings provide fur-
ther indirect support for the hypothesis that the
PDV source for the outbreaks were migrating ani-
mals originating from the northwestern or eastern
sides of the North Sea, the North Atlantic and the
Baltic Sea. Therefore, a circulating PDV strain
among the autochthonous seal populations seems
less likely; however, due to the limited number of
investigated animals, this still remains a possibility.
On the other hand, the investigated animals were
collected before, during and after the two epizoo-
tics from geographical areas relevant for both PDV
outbreaks. In addition, the RNA was often isolated
from organs including lung and spleen, which are
primarily infected in phocine distemper. RNA in-
tegrity was also confirmed by demonstrating intact
house-keeping gene RNAs.
Like grey seals, infected ringed seals could also
play a role in the spread of the second epidemic.
Ringed seals are the most widespread seals in the
arctic and they are the main prey of polar bears.
Thus, they could contribute to the outbreak by virus
transmission to (i) other seal species due to their
migratory behaviour and=or (ii) to their predators.
Fig. 2. RT-PCR reactions of serial 10-fold dilutions of viral RNA extracted from Vero cells infected with PDV (a) and
Onderstepoort-CDV (b) using universal morbillivirus primers. The starting RNA concentrations were 1mg=ml for PDV and
1 ng=ml for Onderstepoort-CDV. L-100 bp DNA ladder
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Between 1984 and 1987, harp and ringed seals
from Greenland were positive for PDV antibodies
[8], and based on this observation it was suspected
that Greenlandic seals represent a PDV reservoir
for the first epidemic. However, in the present study,
76 ringed seals and 63 polar bears from Greenland,
collected between 1999 and 2001, lacked morbilli-
virus nucleic acid. Thus, it seems possible that, due
to the limited number of investigated animals, indi-
viduals acting as potential morbillivirus carriers
were not detected.
A direct contact between infected minks and seals
around the Isle of Anholt during the second epizo-
otic could not be excluded. Consequently, we inves-
tigated 27 European minks found dead on the
southwestern Swedish North Sea coast near the ar-
ea where both epizootics started, but none of the
minks were positive for PDV or a related morbilli-
virus.
To summarise, despite investigating a variety of
marine and terrestrial mammal species, the source
of the two PDV outbreaks in European harbour seal
and the origin of the virus remains undetermined.
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